Effect of endotoxin from E.
It is well known that thyroid storm occurs in untreated or poorly treated hyperthyroid patients most commonly in association with bacterial infection (Nelson and Becker, 1969) , but its pathogenesis is yet unknown.
We observed a patient with thyroid storm. The patient was transferred to our hospital because of fever, congestive heart failure with atrial fibrillation and unconsciousness.
He died on the second hospital day in spite of intensive treatment for thyroid storm. Autopsy and histological examination revealed no specific findings other than acute renal tubular necrosis and central necrosis of the liver, which might have resulted from relatively acute hypoxemia (Robbins, 1974) . Whereas these findings are not so common, similar observations have been reported in some cases of thyroid storm (Lamberg et al., 1964; Nelson and Becker, 1969) . These histological changes can be explained by ATP deficiency as well as by hypoxia, since ATP is not produced without oxygen. Metabolism of many substances is enhanced in thyrotoxicosis. ATP metabolism may also be accelerated, since Na+-K+-ATPase (ATPase) activity in some tissues or organs is reported to be elevated in thyrotoxic rats (Ismail-Beigi and Edelman, 1971) . If there are some factors inhibiting ATP production or accelerating ATP consumption, tissue ATP depletion may readily occur in thyrotoxicosis.
This hypothesis would provide an explanation for the patho- •™ not significant, •šp>0.05, •š•šp>0.01. Fig. 2 . Changes in ATPase activity in heart muscle (A), the liver (B) and the kidney (C) after T3 treatment and/or endotoxin injection. The experimental conditions are indicated in Fig. 1 . See Fig. 1 (Roberts et al., 1956) , although it does not refer to ATP metabolism. We discuss here endotoxin-induced ATP depletion in thyrotoxic rats from the standpoint that thyroid storm possibly results from such ATP deficiency, although several other hypotheses may also exist. In this study using rats, the additive effect of T3 and endotoxin to elicit irritation with a marked increase in body temperature and heart rate is obvious. A small dose of endotoxin intensifies the symptoms of thyrotoxicosis.
These findings resemble symptoms which are observed in patients with thyroid storm. At the same time in these rats, the ATP content decreased in some organs that are the targets of thyroid hormones. It is not known how ATP de pletion relates to the symptoms in the rats. It is to be determined whether such ATP depletion also occurs in patients with thyroid storm in association with bacterial infection.
Thyroid hormones enhance calorigenesis and oxygen consumption. It was once pro- (Brooks et al., 1975 may occur in the presence of any factor which acts strongly in causing ATP depletion as well as endotoxin. It is clear from the results of the present study that hydrocortisone blocks the effect of T3 plus endotoxin to decrease the content of tissue ATP.
This effect of the glucocorticoid is exhibited within a short period of time.
Such an effect of hydrocortisone therefore seems unlikely to be mediated by a protein produced after nuclear binding of the glucocorticoid, but probably by its direct action on biomembranes or interaction with endotoxin.
It is known that glucocorticoids can protect several biological reactions to endotoxin.
The lethal dose of endotoxin in normal mice is 6,000 times higher than that in adrenectomized mice (Chedid et al., 1963) .
In any case, the life-saving effect of glucocorticoids is well known from clinical experience, and the use of steriod hormones is recommended in thyroid storm. In conclusion, endotoxin readily decreases the ATP content in some organs in thyrotoxic rats, even if the dose of endotoxin is not enough to induce ATP depletion in euthyroid rats. In other words, thyrotoxicosis may increase susceptibility to endotoxin. Although the biochemical mechanism of ATP depletion is yet to be elucidated, the observation is of interest in relation to thyroid storm associated with bacterial infection.
